Aim: The purpose of this study was to understand the mechanism of nicotine mediated addiction and the role of oligoelements in reducing its effect. Methods: Male Wistar rats (weight 80 g) were treated with single and repeated doses of nicotine and/or oligoelements as follows: group 1 (control) NaCl 0.9%; group 2, nicotine (1 mg/kg); group 3, oligoelements (50 µl/rat); and group 4, nicotine (1 mg/kg) + oligoelements (50 µl/rat). All drugs were intraperitoneally administered for 4 days. Blood for the measurement of glucose was obtained from all the animals. Samples of the brain regions (cortex, hemispheres and cerebellum + medulla oblongata) of each rat were obtained and used to measure the concentrations of dopamine, GSH levels, and lipid peroxidation (TBARS) using fluorescence and spectrophotometric methods. Results: Glucose level increased in rats treated with nicotine and oligoelements (p < 0.05), while GSH level decreased in cerebellum/medulla oblongata and hemispheres (p < 0.05) of the same animals. TBARS levels increased in cerebellum/medulla oblongata and hemispheres of animals treated with nicotine and oligoelements, but decreased in the same regions (p < 0.05) in rats treated only with oligoelements. The levels of dopamine decreased in cortex and hemispheres, but increased in cerebellum/medulla and oblongata regions of rats treated with both compounds (p < 0.05). Conclusions: Nicotine and oligoelements are associated with increase in the level of glucose, an effect that was more pronounced in the group treated with both drugs. Reduction of oxidative stress and dopamine metabolism may be involved in this effect.
Introduction
In Mexico, drug addictions in adolescents (53.5% in men and 63.2% in women) begin with tobacco. In our country, smoking usually begins in mid-adolescence (15 years old) and smokers between 18 and 65 years old represent 20.6% of the population [1] , a figure which is presently with an increasing tendency. Nicotine is an alkaloid found in tobacco plant (Nicotiana tabacum). In low concentrations, nicotine has stimulating effect and constitutes one of the principal causes of tobacco addiction. Majority of cigarettes in the world contain between 1 and 2 mg or more of nicotine. On smoking, a smoker usually inhales 0.8 mg of nicotine per cigarette [2] .
It is known that dopamine is an appetite suppressant, and the administration of nicotine, regardless of the way, acutely increases the levels of neurotransmitters in the brain, thereby reducing the need for energy intake and consequently suppressing the appetite [3] , although the mechanisms are unclear.
Nicotine has been documented as a possible contributing factor to the current nutrition-related chronic diseases epidemic [1] . However, recent studies have shown that micronutrient deficiencies are still significant public health problems, affecting the most vulnerable age groups and gender [4] . Likewise, there are some food rich in oligoelements like milk for daily intake [5] , to offset this deficiency. of which are integral part of many important enzymes. Cu is essential for life and their excessive accumulation in the brain decreases GSH levels [6] , while exposure to Mn differentially affects GSH in brain regions [7] .
On one part, smoking is associated with increased plasma homocysteine levels [8] , a precursor of GSH and a tripeptide known as reduced glutathione, which is also a ubiquitous reducing agent whose absence induces severe oxidative stress (OS). It has been suggested that GSH interacts with nitric oxide (NO) by giving S-nitrosoglutathione (GNSO), in the presence of endogenously produced oxygen [9] . GSH is the main redox equilibrium regulator. It plays an important role in the protection of tissues suffering from damage by oxidative agents.
Recent studies indicated that the use of Zn induces defensive mechanisms in the brain by diminishing free radical-induced lipid peroxidation [10] . Free radicals are reactive oxygen or nitrogen species with impaired electrons, which may induce oxidative damage to biologically important molecules. Although membrane lipids are the main target [11] , the central nervous system (CNS) is particularly susceptible to this type of damage, because membrane lipids are known to strongly interact with the lipid bilayer structural proteins [12] . It is necessary to determine the effects of nicotine and oligoelements, because the coexistence of nicotine and micronutrients' deficiency complicates the health of young people. For this, we aim at determining the effect of these substances on dopamine levels and some biomarkers of oxidative stress in juvenile rat brain regions.
Methods
Fifty six male Wistar rats each with a weight of 80g were used in the study. They were divided in single dose and repeated doses, into four experimental groups for each dose and treated as follows: Group 1 (n = 7), control (NaCl 0.9%); group 2 (n = 7), nicotine (1mg/rat); group 3 (n = 7), oligoelements 50 µl/mg/kg b.w; and group 4 (n = 7), nicotine (1 mg/rat) + oligoelements 50 µl/mg/kg b.w. All treatments were administered intraperitoneally every 24 hours for 4 days. Every 100 mL of oligoelemental solution contains Zinc 55 mg, copper 16.90 mg, manganese 38.10 mg, sodium 163.9 mg, fluoride 14 mg, iodide 1.3 mg, and chloride 25.6 mg. The animals were sacrificed by decapitation 30 min after receiving the last dose of nicotine and oligoelements, and fresh blood was withdrawn to measure their glucose levels. The brains were extracted and stored in NaCl 0.9% at 4˚C. Brain sections obtained from cortex, hemispheres, and cerebellum/medulla oblongata were each homogenized in 5 volumes of TRIS-HCl 0.05 M, pH 7.4 for assessment of lipid peroxidation (TBARS). An aliquot of this tissue was mixed (50:50) with perchloric acid (HClO 4 ) 0.1 M, to evaluate the levels of Glutathione (GSH) and dopamine. All experimental procedures were done with authorization of the Laboratory Animals Use and Care Committee of our institution.
The treatments given to animals were as follow:
Groups Single dose Repeated doses Control (NaCl 0.9%) (7)
Nicotine (1 mg/rat) (7)
Oligoelements (50 µl/mg/kg) (7)
Nicotine (1 mg/rat) + oligoelements (50 µl/mg/kg) (7)
( ) number of animals.
Measurement of Blood Glucose
The procedure to measure glucose in blood was followed in all the animals at the moment of their sacrifice. 20 µl of non-anticoagulant fresh blood was placed in a reactive paper of Accu-Chek active equipment (Roche Mannheim Germany). The concentration in mg/dl was obtained.
Measurement of Glutathione (GSH) in Brain
The levels of GSH were measured from a sample of the homogenized tissue in HClO 4 which was obtained after being centrifuged at 9000 rpm for 5 min. (in a microcentrifuge Mikro 12 -42, Germany), using the technique reported by Hissin and Hilf [13] . 1.8 ml of Phosphate Buffer at pH 8.0 with EDTA at 0.2%, an aliquot of 20 µl of the homogenized tissue in HClO 4 , and 100 µl of ortho-phtaldialdehyde (OPT) in concentration of 1mg/ml in methanol, were put in an assay tube and incubated for 15 min. at ambient temperature in total darkness. At the end of incubation, the samples were read in a PERLIN ELMER LS 55 spectrofluorometer with excitation wavelength of 350mm and emission of 420 nm. FL Win Lab version 4.00.02 software was used. The values were inferred in a previously standardized standard curve and were reported in nM/g of wet tissue.
Measurement of Lipid Peroxidation (TBARS) in Brain
TBARS determination was carried out based on the technique reported by Gutteridge and Halliwell [14] , as described below: from the homogenized brain in tris-HCl 0.05 M pH 7.4, 1 ml was taken and to it was added 2 ml of thiobarbaturic acid (Tba) containing 1.25 g of Tba, 40 g of trichloroacetic acid (TCA), and 6.25 ml of concentrated hydrochloric acid (HCL) diluted in 250 ml of deionized H 2 O. They were heated to boiling point for 30 min. (Thermomix 1420). The samples were then subjected to an ice bath for 5 min and were centrifuged at 700 g for 15 min. (Sorvall RC-5B Dupont). The absorb- ments. There was a significant increase in this parameter (p < 0.05) in the groups that were treated with oligoelements + nicotine in single dose and significant decrease (p < 0.05) in the groups treated with only oligoelements, both with respect to the control group. The concentration of GSH in brain regions of rats treated with nicotine in the presence of oligoelements changed significantly (p = 0.001) in different dose treatment (Figure 1) . In other words, there were differences between cerebellum/medulla oblongata and hemispheres of the groups treated with single dose, with respect to those treated with repeated doses.
Analysis of Results
Analysis of variance (two-way ANOVA) with their respective control contrasts after being subjected to variances homogeneity test were used. The values of p < 0.05 were considered statistically significant [16] . To carry out the tests, JMP Statistical Discovery Software version 6.0.0 from SAS was used.
The concentration of lipid peroxidation in the brain regions of rats treated with nicotine and oligoelements (Figure 2) , showed significant changes in cerebellum/ medulla oblongata regions in all the experimental groups Table 1 shows the levels of glucose in blood of young rats treated with nicotine in the presences of oligoele- with single dose when compared with those treated with repeated doses. In the region of hemisphere of rats that received just oligoelements, lipoperoxidation levels significantly decreased (p < 0.05), and increased in the groups treated with single dose of oligoelements + nicotine when compared with those treated with repeated doses. Figure 3 shows the levels of dopamine in the brain regions of the rats treated with nicotine and oligoelements. All experimental groups with single dose showed higher dopamine levels in cerebellum/medulla oblongata than those with repeated doses. This effect was particularly notable if nicotine group was compared with oligoelements + nicotine using two-way ANOVA analysis with the later showing significant differences (p < 0.05), regardless of the treatment received. In cortex, this indicator showed a higher increase in all experimental groups with single dose than in those with repeated doses.
Results
Dopamine levels in hemispheres of oligoelements + nicotine group treated with single dose significantly decreased when compared with repeated doses (two-way ANOVA, p < 0.05). Likewise, this control group showed higher levels of dopamine (p < 0.05), compared with control group of repeated doses.
Discussion
Nicotine replacement therapy is a safer and a more controlled substitute for smoking than ST [17] . In any case, these therapies are made for adults and completely keep aside the adolescent smokers. Based on this, we proposed in the present work the evaluation of nicotine effects in adolescent animal models.
The levels of glucose increased in groups of animals treated with nicotine, because this substance induces increases in the glycolytic pathway and Krebs cycle of neurons, as well as in brain blood flow [18] .
The levels of GSH reduced in cerebellum/medulla oblongata and hemisphere regions principally by the administration of a single dose of nicotine. This situation was found also with the oligoelements. This effect on GSH coincides with the reports of Sreekala and Indira [19] , who suggest that nicotine alone increases lipoperoxidation by the inhibition of antioxidant enzymes and when combined with oligoelements like selenium, the effect is inverted. Also, the decrease could be due to the interaction with NO [9] , which was produced by the inhibition of mitochondrial electron transport chain (Mito-ETC) complexes (I, II, III), in different brain regions [20] . Particularly GSH measurement in medulla oblongata is very different from the other regions because it was more susceptible to oxidative stress as some studies suggested [21] .
Lipoperoxidation increased in the cerebellum/Medulla oblongata and hemisphere regions in co-administration of single dose of nicotine and oligoelements as well as in nicotine alone. With the use of only oligoelements, this effect decreased in these regions which did not agree with the findings of Carmona et al, [22] , who suggest that nicotine attenuates the formation of peroxides, and might reduce the production of beta-amyloid proteins in Alzheimer's disease with chronic treatment doses, and may be a novel protective therapy in Alzheimer's disease [23] . With respect to the region of the cortex, there was no finding of any effect to the treatment in all the animals, although recent studies suggest that the presence of nicotine increases the formation of peroxides in this region [24] .
In general, dopamine levels decreased in cortex and hemisphere regions with co-administration of nicotine and oligoelements in unique doses. On the other hand, this effect was not found in cerebellum/medulla oblongata where there was an increase of dopamine by the combined administration of the two substances in the same doses. This effect was in accordance with the findings of Tariq et al. [25] , who suggested that inhibition of nicotine on decreasing DA, which is induced by 3-nitropropionic acid, is due thanks to nicotinic acetylcholine receptors (nAChRs). These receptors could be responsible for the absence of significant statistical difference in the indicators evaluated in this study with chronic dosis of nicotine, probably due to the modulation of these receptors by oligoelements like zinc and the concentration, and time of exposure to nicotine, suggesting that zinc potency depends on the degree of desensitization [26] .
In the present study developed with adolescent animal model and based on the results of some studies, the mechanism proposed for the inhibition of tobacco (nicotine) consumption in adolescent subjects is to reduce sugar-rich food consumption and substitute it with oligoelement-rich food [5] , because if this source of sugar is reduced, dopamine (DA) systems are activated and lesions of dopaminergic neurons or pharmacological blockade of DA receptors seem to reduce the reward value of both sweet tastes and drugs of abuse [27] . Considering the above results, we conclude that nicotine and oligoelements are associated with increase in glucose levels, an effect which was more pronounced in the group of animals treated with single dose of both drugs, probably by no inhibition of fatty acid oxidation on brain regions [28] , because glucose determine fatty acid oxidation by controlling the rate of long-chain fatty acid entrance into the mitochondria [29] . Reduction of oxidative stress and dopamine metabolism may be involved in these effects.
Conclusion
Nicotine and oligoelements are associated with increase in glucose levels on blood. It induces reduction of oxidative stress and dopamine metabolism on brain regions.
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